Abstract: A 3-GHz femtosecond Raman soliton source (tunable between 1.06-1.22 μm) is demonstrated based on an Yb-fiber laser. The resulting source produces 350-mW average power at 1.22 μm with 40-nm bandwidth and ~100 fs pulse duration. Femtosecond laser pulses with multi-GHz repetition-rate are desired in many applications, including optical arbitrary waveform generation, laser frequency combs for astrophysical spectrograph calibration, high-speed photonic analog-to-digital conversion, nonlinear bio-optical imaging, to name a few. To date, all the demonstrated multi-GHz femtosecond lasers operate with 10-30 nm spectral width at three wavelengths: 0.8 μm (e.g., Ti:sapphire laser . Some important applications, however, require such high repetition-rate femtosecond pulses at the wavelength range that cannot be directly covered by available ultrafast lasers. For example, most live biological specimens exhibit a minimum light attenuation in the range of 1.2-1.35 μm [7]. Using femtosecond pulses of this wavelength range for nonlinear bio-optical imaging (e.g., two-photon fluorescence excitation microscopy, second-harmonic generation microscopy etc.) allows deeper penetration through turbid specimens. To avoid photo-induced damage caused by pulse energy rather than average power, increasing pulse repetition-rate to multi-GHz while keeping the pulse energy relatively low will improve signal-to-noise ratio, reduce data acquisition time, and increase image frame rate. In this paper we present a 3-GHz femtosecond Raman soliton source tunable between 1.06-1.22 μm; at 1.22 μm, the source produces average power of 350 mW. Figure 1(a) shows the schematic setup of the Raman soliton source based on an Yb-fiber oscillator (indicated by the dashed-line box in the Fig. 1(a) ). The fundamentally mode-locked Yb-fiber oscillator operates at 3-GHz repetition rate incorporating three key elements: 1) a 1-cm, heavily Yb-doped phosphate glass fiber as the gain medium, 2) a high-dispersion output-coupler for dispersion compensation, and a saturable Bragg reflector to initiate and stabilize the mode-locking [2]. The oscillator emits optical pulses of 30-mW average power with a spectral width of 3.5 nm centered at 1025 nm (black curve in Fig. 1(b) ). These weak, narrowband pulses were amplified by two cascade amplifiers. Nonlinear effects in the first amplifier broadened the input spectrum to 5.8-nm bandwidth (red curve in Fig. 1(b) ). To enhance the further spectral broadening during the followed amplification, a diffraction-grating pair
Figure 1(a) shows the schematic setup of the Raman soliton source based on an Yb-fiber oscillator (indicated by the dashed-line box in the Fig. 1(a) ). The fundamentally mode-locked Yb-fiber oscillator operates at 3-GHz repetition rate incorporating three key elements: 1) a 1-cm, heavily Yb-doped phosphate glass fiber as the gain medium, 2) a high-dispersion output-coupler for dispersion compensation, and a saturable Bragg reflector to initiate and stabilize the mode-locking [2] . The oscillator emits optical pulses of 30-mW average power with a spectral width of 3.5 nm centered at 1025 nm (black curve in Fig. 1(b) ). These weak, narrowband pulses were amplified by two cascade amplifiers. Nonlinear effects in the first amplifier broadened the input spectrum to 5.8-nm bandwidth (red curve in Fig. 1(b) ). To enhance the further spectral broadening during the followed amplification, a diffraction-grating pair 978-1-55752-973-2/13/$31.00 ©2013 Optical Society of America CM2I.4.pdf was employed to compress the pulses to the shortest duration prior to the second amplifier. Consequently the spectrum was broadened to 14.7 nm (blue curve in Fig. 1(b) ) after the second amplifier. The spectrally broadened optical pulses were compressed to ~150-fs by another diffraction-grating compressor, and then were coupled into 60-cm photonic crystal fiber (PCF) with a zero-dispersion-wavelength at 945 nm. Fig. 3(a) plots the peak wavelength and average power associated with the first Raman soliton as a function of the coupled power into the PCF. To characterize a Raman soliton in the time domain, we filtered out the Raman soliton at 1.17 μm (inset of Fig. 3(b) ), and measured the pulse with an autocorrelator. The measured autocorrelation trace (blue curve in Fig. 3(b) ) has a duration of 145 fs; with a deconvolution factor of 1.54 for hyperbolic secant pulses, the Raman soliton is estimated to 94 fs. In conclusion, we demonstrate a 3-GHz femtosecond (<100 fs) Raman soliton source tunable between 1.06-1.22 μm, with the average power up to 350 mW.
